We have modeled a chaotic circuit with a switching delay and have developed a controller for the suppression of chaos. A controller that stabilizes a period-1 unstable periodic orbit in an interrupted electric circuit with a certain switching delay is also described in this paper.
circuit, including a delay element, and a controller developed by using simple elements. We also describe the laboratory experiments that yielded successful control results.
Simple switching circuits containing a delay: Figure 1 shows a circuit representation of the chaotic system including a delay element. Let T be the period of the clock and v k be the capacitor voltage at time t = kT . The operation of the circuit is shown in Fig. 2 . The switch comprises a flip-flop whose inputs are connected to the output of the comparator and the clock pulse from the generator. If the switch is connected to terminal A, the capacitor is charged and v k increases. When v k reaches v r , the switch is connected to terminal B and then v k decreases as the capacitor discharges. When a reset pulse arrives after every period of duration T , the switch returns to A when v k < v r . All monostable multivibrators provide the delay time τ d ; when voltage v k exceed v r , the switch is connected to terminal B after τ d seconds. This delay can simulate the latency of the level-crossing detector or mechanical response of the switch.
We choose the following parameters:
Figure 3(a) shows the chaotic behavior of the system with these parameter values during the laboratory experiment. Since the chaos is ergodic, a form shown in Fig. 3 (b) is visible in the corresponding return map. Since the mathematical model of this circuit can be rigorously derived [Oda et al., 2007] , an unstable fixed point v * embedded in this chaotic map is easily obtained by solving the equation v k = v k+1 . In the following section, we attempt to stabilize the target v * .
International Journal of Bifurcation and Chaos (No. 3) Experimental results: We choose E as a control parameter and design the linear controller proposed by [Oda et al., 2007] . We design the control gain such that the pole of the characteristic equation becomes equal to zero. For the parameter set in Eq. (1), we obtain a control input as a parameter perturbation Since the controller is based on the linear dynamical property of the fixed point, a control limiter is used to suppress an unnecessarily large control input. We adopt a scheme in which u k is fed back to E when the holding value v out approaches the target sufficiently; otherwise, u k is assumed to be zero. We realize this scheme by introducing a window comparator to monitor the difference between v k and v * . We set the threshold of this comparator as
The result of the laboratory experiment with this controller is shown in Fig. 5 ; here, (a) and ( clock switch: 
